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(54) METHOD AND SYSTEM FOR PROVIDING CONTACT FREE THERMAL SUPPORT IN AN 
ADDITIVE MANUFACTURING PROCESS

(57) An additive manufacturing process includes si-
multaneously constructing a component 20, 120 and a
non-contacting thermal support 40, 140 for the compo-
nent. The non-contacting thermal support includes a

three dimensional negative of the component. The
non-contacting thermal support transfers heat from the
component into a heat sink.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to ad-
ditive manufacturing processes, and more specifically to
a method and system for providing non-contacting ther-
mal support to a component during an additive manufac-
turing process.

BACKGROUND

[0002] Additive manufacturing systems create three di-
mensional structures, or components, by applying se-
quential layers of a material to a base surface. The three
dimensional shape of the structure depends on the spe-
cific dimensions of each layer. Some additive manufac-
turing systems, such as direct metal laser sintering, re-
quire thermal and structural supports to support the struc-
ture being created during the additive manufacturing
process. By way of example, certain structures can be
imbalanced in a final form, and require a structural sup-
port to prevent the structure being created from shifting
or falling during assembly. Similarly, the assembly proc-
ess can have high temperatures that require a thermal
pathway between the structure being created and a cor-
responding heat sink. The large numbers of fine particles
included in the powders utilized in additive manufacturing
processes result in a thermal conductivity orders of mag-
nitude lower than the solid material of the structure being
assembled due the sum of thousands of contact resist-
ances. Due to the thermal conductivity of the structural
and thermal support, a solid thermal path is provided con-
necting the structure to the heat sink.
[0003] In order to create the structural and thermal sup-
ports, current additive manufacturing systems create a
honeycomb, or lattice, support connecting surfaces of
the structure being assembled to the base and to a heat
sink. The honeycomb support provides structural support
to maintain the structure in position during the manufac-
turing process. The honeycomb support further provides
thermal support by providing an efficient thermal pathway
from the structure being assembled to the base, which
operates as a heat sync. The existing honeycomb struc-
tural and thermal supports are integral to the structure
being assembled. Once the structure has been complet-
ed, the honeycomb support must be decoupled from the
assembled structure using milling or another material re-
moval process in a finishing step.

SUMMARY OF THE INVENTION

[0004] In one exemplary embodiment, an additive
manufacturing process includes simultaneously con-
structing a component and a non-contacting thermal sup-
port for the component, wherein the non-contacting ther-
mal support includes a three dimensional negative of the
component, and dissipating heat from the component

through the non-contacting thermal support to a heat
sink.
[0005] In a further example of the above exemplary
embodiment dissipating heat from the component
through the non-contacting thermal support to a heat sink
includes providing a thermal passage across a gap de-
fined between the non-contacting thermal support and
the component.
[0006] A further embodiment of any of the above ex-
emplary embodiments includes constructing the thermal
support as a solid component.
[0007] A further embodiment of any of the above ex-
emplary embodiments includes constructing the thermal
support as a thermally conductive wall supported by a
structural support.
[0008] In a further example of any of the above exem-
plary embodiments, simultaneously constructing a com-
ponent and a non-contacting thermal support for the com-
ponent includes defining a gap between the component
and the non-contacting surface.
[0009] In a further example of any of the above exem-
plary embodiments, the gap is in the range of about three
to five times an average particle size of a powder particle
utilized in the additive manufacturing process.
[0010] In a further example of any of the above exem-
plary embodiments, simultaneously constructing a com-
ponent and a non-contacting thermal support for the com-
ponent comprises constructing at least one downward
facing surface of the component and at least one upward
facing surface of the non-contacting thermal support, and
wherein the at least one downward facing surface is op-
posite the at least one upward facing surface across the
gap.
[0011] A further embodiment of any of the above ex-
emplary embodiments includes removing the component
from the non-contacting thermal support without me-
chanically altering the non-contacting thermal support
and without chemically altering the non-contacting ther-
mal support.
[0012] In a further example of any of the above exem-
plary embodiments, simultaneously constructing a com-
ponent and a non-contacting thermal support for the com-
ponent includes constructing each of the component and
the non-contacting thermal support using a direct metal
laser sintering process.
[0013] In one exemplary embodiment, an additive
manufacturing process includes dissipating heat from at
least one inaccessible downward facing surface of a
component being assembled through a corresponding
upward facing surface of a non-contacting thermal sup-
port.
[0014] In a further example of the above exemplary
embodiment, the at least one inaccessible downward fac-
ing surface includes a finish absent heat artifacts.
[0015] In a further example of any of the above exem-
plary embodiments, the non-contacting thermal support
defines an at least partial three dimensional negative im-
age of the component being assembled and wherein the
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component being assembled is positioned at least par-
tially within the at least partial three dimensional negative
image.
[0016] A further embodiment of any of the above ex-
emplary embodiments includes defining a gap between
the non-contacting thermal support and at least one sur-
face of the component, the gap being in the range of
about three to five times an average particle size of a
powder used in the additive manufacturing process.
[0017] In a further example of any of the above exem-
plary embodiments, dissipating heat from at least one
inaccessible downward facing surface of a component
being assembled through a corresponding upward facing
surface of a non-contacting thermal support comprises
dissipating heat across the gap into the non-contacting
thermal support.
[0018] A further embodiment of any of the above ex-
emplary embodiments includes determining dimensions
of the non-contacting thermal support based on received
dimensions of the component using a controller.
[0019] In another exemplary embodiment, a non-con-
tacting thermal support for an additively manufactured
component includes an interior surface defining an at
least partial three dimensional negative image of a com-
ponent, and the at least partial three dimensional nega-
tive image including at least one upwards facing surface
configured to provide a thermal path from a correspond-
ing inaccessible downward facing surface to a heat sink.
[0020] In a further example of the above exemplary
embodiment the at least partial three dimensional nega-
tive image is configured to define a gap between the non-
contacting thermal support and a component.
[0021] In a further example of any of the above exem-
plary embodiments the gap has a width in the range of
about three to five times an average particle size of an
additive manufacturing powder particle.
[0022] In a further example of any of the above exem-
plary embodiments the non-contacting thermal support
is a direct metal laser sintered thermal support.
[0023] In a further example of any of the above exem-
plary embodiments the at least partial three dimensional
negative image is defined by a wall, and wherein the wall
is structurally supported by an integral structural and ther-
mal support.
[0024] These and other features of the present inven-
tion can be best understood from the following specifica-
tion and drawings, the following of which is a brief de-
scription.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Figure 1 schematically illustrates an additive manu-
facturing machine using a direct metal laser sintering
process.
Figure 2A schematically illustrates an early step in
an additive manufacturing process.

Figure 2B schematically illustrates a middle step in
an additive manufacturing process.
Figure 2C schematically illustrates late step in an
additive manufacturing process.
Figure 3 illustrates an alternate example additive
manufacturing machine that has constructed a com-
ponent using direct metal laser sintering.
Figure 4 illustrates a flowchart demonstrating an ad-
ditive manufacturing process.

DETAILED DESCRIPTION OF AN EMBODIMENT

[0026] Additive manufacturing techniques, such as the
aforementioned direct metal laser sintering process, uti-
lize honeycomb support structures created integrally with
a component being assembled to physically and thermal-
ly support the component being assembled. Certain com-
ponents, particularly components whose center of gravity
is aligned with a steady base, do not require the physical
support features of the existing honeycomb support
structures. In yet further such examples, the component
can include one or more undercuts (alternately referred
to as downward facing surfaces) in difficult to reach areas
of the component.
[0027] Removal of an integral support structure using
milling, or other material removal techniques, at the
downward facing surfaces can be difficult and expensive.
In further examples, downward facing surfaces can be
present where milling or other removal techniques are
not adequate to reach the surface and remove the sup-
port. Surfaces of this type are referred to as inaccessible
downward facing surfaces. As a result, the previously
utilized honeycomb support structure can be inadequate
for utilization in the assembly of certain structures.
[0028] Figure 1 schematically illustrates an additive
manufacturing machine 10 that has constructed a com-
ponent 20 using a direct metal laser sintering process.
The component 20 includes multiple downward facing
surfaces 22, 24, and is constructed in a manner such that
the component 20 will not shift or fall during assembly.
As a result, no structural support is needed during the
additive manufacturing process. Due to the positioning
of the downward facing surfaces 22, 24, mechanical or
chemical removal of an integral support structure from
the downward facing surfaces 22, 24 is expensive or im-
possible. As such, the downward facing surfaces 22, 24,
are inaccessible downward facing surfaces. Due to the
high temperatures of the additive manufacturing process,
a thermal support providing a thermal pathway between
downward facing surfaces 22, 24 and a heat sink included
in a base 30 is still required. Existing systems omit the
thermal and structural support due to the inaccessibility
of the downward facing surfaces. As a result of the omis-
sion, rough protrusions and intrusions can occur at the
surface resulting in an increased surface roughness. The
increased surface roughness’s are referred to herein as
heat artifacts.
[0029] The additive manufacturing machine 10 in-
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cludes a controller 12 that controls operations of the ad-
ditive manufacturing machine 10. In some examples the
controller 12 can be built into the machine 10 as a com-
ponent of the machine 10. In other examples, the con-
troller 12 can be a computer, or other processing device,
connected to a control port of the additive manufacturing
machine 10.
[0030] In order to prevent unnecessary milling, or other
part removal, a thermal non-contacting thermal support
40 is constructed by the additive manufacturing machine
10 simultaneously with the construction of the component
20. A non-contacting thermal support is defined herein
as a thermal support structure which maintains thermal
conductivity with a component being assembled without
a physical contact with, or a physical connection to, the
component 20. The non-contacting thermal support 40
includes a pair of upward facing surfaces 42, 44, each
of which directly faces one of the inaccessible downward
facing surfaces 22, 24 of the component 20.
[0031] The non-contacting thermal support 40 essen-
tially surrounds the component 20 and includes a three
dimensional negative image of the component 20. The
three dimensional negative image of the component 20
is offset from the component in each dimension, thereby
defining a small gap 50 between the component 20 and
the non-contacting thermal support 40. In the illustrated
example of Figure 1, the gap 50 is enlarged for illustrative
purposes. In a practical embodiment, the gap 50 can be
as small as the width of about three to five average sized
particles of the laser sintering powder.
[0032] By way of example, a typical laser sintering
powder includes particles that are approximately 0.04
mm (0.0015 inches) in diameter. In such an example, the
gap 50 is in the range of about 0.1 to 0.3 mm (0.004 -
0.012 inches). Including a gap of the described size range
provides sufficient room for the component 20 to be re-
moved from the thermal support after completion of the
assembly process. By making the gap 50 slightly larger
than the average particle size, particles in the laser sin-
tering powder are allowed to flow freely during the man-
ufacturing process.
[0033] Further, due to the restricted gap size, there is
a relatively small number of contact resistances arising
across the gap 50, and the thermal resistance of the gap
is such that effective heat transfer can occur across the
gap 50. As such, an adequate thermal pathway is pro-
vided across the gap 50 into the non-contacting thermal
support 40. The non-contacting thermal support 40 pro-
vides a thermal pathway to a heat sink in the base 30. In
this way, low stress and difficult to machine portions of
the component 20 can dissipate heat across the gap 50
and through the non-contacting thermal support 40 dur-
ing the laser sintering, or other additive manufacturing
process, without requiring a direct contact between the
non-contacting thermal support 40 and the component
20. The dissipation of heat in this manner prevents or
minimizes the formation of heat artifacts on the surfaces
of the component 20 facing the gap 50. In alternate em-

bodiments, the heat sink can be distinct from the base
30, and the non-contacting thermal support 40 includes
a direct contact with the distinct heat sink in addition to
the base 30.
[0034] While the above example is described with re-
gards to a direct metal laser sintering process, one of
skill in the art having the benefit of this disclosure will
appreciate that the illustrated thermal non-contacting
thermal support 40 can be utilized in conjunction with
other additive manufacturing techniques, and is not lim-
ited to a direct metal laser sintering technique.
[0035] With continued reference to Figure 1, and with
like numerals indicating like elements, Figures 2A, 2B
and 2C illustrate individual steps in the additive manu-
facturing technique described above. Figure 2A illus-
trates an early step, Figure 2B illustrates a middle step,
and Figure 2C illustrates a late step in the additive man-
ufacturing process. As can be seen, the non-contacting
thermal support 40 is constructed simultaneously with
the component 20, with the gap 50 being defined through-
out the assembly process. By constructing the non-con-
tacting thermal support 40 simultaneously with the com-
ponent 20, the laser sintering powder is not inhibited for
the formation of the component 20, but a thermal pathway
is maintained between the component 20 and the base
30.
[0036] In alternative examples, the non-contacting
thermal support 40 can be referred to as a mold, or a
partial mold, because the non-contacting thermal support
40 includes a three dimensional negative image of the
component 20 once the additive manufacturing process
has been completed. As a result of the mold shape, the
resulting component 20 can be easily removed from the
mold by hand, with minimal finishing steps required to
place the component 20 in a completed state. The re-
sulting surfaces where the component 20 faced the non-
contacting thermal support 40, such as the downward
facing surfaces 42, 44, have an improved surface finish,
relative to components 20 constructed using the previous
honeycomb support structure. By way of example, the
resulting surfaces have less roughness, and can be more
exactly manufactured than the components constructed
with a honeycomb support structure. Further, inaccessi-
ble downward facing surfaces of the component 20 in-
clude significantly less heat artifacts than components
created using the existing thermal and structural sup-
ports.
[0037] With continued reference to Figures 1-2C, Fig-
ure 3 schematically illustrates an alternate example ad-
ditive manufacturing machine 110 that has constructed
a component 120 using direct metal laser sintering. As
with the exemplary additive manufacturing machine 10
of Figure 1, the component 120 includes multiple down-
ward facing surfaces 122, 124, and a non-contacting
thermal support structure 140 is constructed simultane-
ously with the component 120. The non-contacting ther-
mal support 140 is structured forms the mold, or partial
mold, portion using a thin wall 141 of solid material. The
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thin wall 141 is structurally supported using the afore-
mentioned honeycomb structural support 143 system, or
any similar means for structurally supporting the thin wall
141.
[0038] The non-contacting thermal support 140 illus-
trated in the example of Figure 3 maintains the thermal
pathway described above, but utilizes significantly less
material to construct the non-contacting thermal support
140, thereby achieving a cost and materials savings rel-
ative to the example of Figure 1.
[0039] With reference to Figured 1-3, in some exam-
ples, the specific dimensions of the non-contacting ther-
mal support 40, 140 can be input into the controller 12,
112 along with the dimensions of the component 20 being
assembled. In alternate examples the dimensions of the
component 20 being assembled can be input into the
controller 12, 112 and the dimension and features of the
non-contacting thermal support 40, 140 can be deter-
mined by the controller 12, 112 based upon the dimen-
sions of the component 20 being assembled.
[0040] With continued reference to Figures 1 and 3,
and with like numerals indicating like elements, Figure 4
illustrates a flowchart 200 demonstrating an additive
manufacturing process including a non-contacting ther-
mal support. Initially a component design is input to a
controller 12, 112 of an additive manufacturing machine
10, 110 at a "receive component design" block 210. In
some examples, a design for a corresponding non-con-
tacting thermal support 40, 140 is input to the controller
12, 112 simultaneous with the input of the component
design. In alternative examples, the controller 12, 112
determines a design for the non-contacting thermal sup-
port 40, 140 based on the design for the component at
an optional "determine non-contacting thermal support
design" block 220.
[0041] Once the controller 12, 112 has a design for
both the component and the corresponding non-contact-
ing thermal support, the controller 12, 112 causes the
additive manufacturing machine 10, 110 to begin creating
both the component 20, 120 and the non-contacting ther-
mal support 40, 140 simultaneously at a "begin creating
component and support" block 230.
[0042] As the component 20, 120 and the non-contact-
ing thermal support 40, 140 are created, the gap 50, 150
is defined between the component 20, 120 and inwardly
facing surfaces of the non-contacting thermal support 40,
140. As described above, due to the small nature of the
gap, heat can traverse the gap into the non-contacting
thermal support 40, 140 in an efficient manner. As a result
of this arrangement, heat is dissipated across the gap
50, 150 into the non-contacting thermal support 40, 140
at a "dissipate heat across gap" block 240.
[0043] Due to the non-contacting nature of the non-
contacting thermal support 40, 140, the heat dissipation
effect can be provided even at inaccessible downward
facing surfaces, or other similar surfaces where an inte-
gral thermal and structural support would be improper.
The ability to dissipate heat across the gap 50, 150 allows

these surfaces to include a smoother finish that has min-
imal, or no, heat artifacts.
[0044] Once assembly of the component 20, 120 and
the non-contacting thermal support 40, 140 has been
completed, the component 20, 120 is removed from the
non-contacting thermal support 40, 140 at a "remove
component from non-contacting thermal support" block
250. Because the non-contacting thermal support 40,
140 does not having any physical contact with the com-
ponent 20, 120, the component 20, 120 can be simply
removed by hand, eliminating the majority of support re-
moval processes and finishing steps required in existing
systems. As the component 20, 120 can be removed
from the non-contacting thermal support 40, 140 by hand,
no mechanical or chemical alterations to the non-con-
tacting thermal support 40, 140 need to be made to fa-
cilitate the removal.
[0045] While illustrated herein as a relative simple ge-
ometric shape, one of skill in the art will understand that
the above principles and operations can be applied to
shapes and components of significant complexity with
minimal adaption to the above described process. Fur-
ther, one of skill in the art will understand that the utiliza-
tion of the non-contacting thermal support 40, 140 can
be limited to only areas and surfaces of the component
20, 120 that require additional heat dissipation during the
assembly process. In such an example the mold structure
created by the non-contacting thermal support 40, 140
is a partial mold.
[0046] It is further understood that any of the above
described concepts can be used alone or in combination
with any or all of the other above described concepts.
Although an embodiment of this invention has been dis-
closed, a worker of ordinary skill in this art would recog-
nize that certain modifications would come within the
scope of this invention. For that reason, the following
claims should be studied to determine the true scope and
content of this invention.

Claims

1. An additive manufacturing process comprising:

simultaneously constructing a component (20,
120) and a non-contacting thermal support (40,
140) for said component, wherein the non-con-
tacting thermal support includes a three dimen-
sional negative of the component; and
dissipating heat from said component through
said non-contacting thermal support to a heat
sink.

2. The additive manufacturing process of claim 1,
wherein dissipating heat from said component (20,
120) through said non-contacting thermal support
(40, 140) to a heat sink comprises providing a ther-
mal passage across a gap (50, 150) defined between
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said non-contacting thermal support and said com-
ponent.

3. The additive manufacturing process of claim 1 or 2,
further comprising constructing said thermal support
as a solid component.

4. The additive manufacturing process of any preced-
ing claim, further comprising constructing said ther-
mal support as a thermally conductive wall supported
by a structural support.

5. The additive manufacturing process of any preced-
ing claim, wherein simultaneously constructing a
component (20, 120) and a non-contacting thermal
support (40, 140) for said component comprises de-
fining a gap between said component and said non-
contacting surface.

6. The additive manufacturing process of claim 5,
wherein said gap (50, 150) is in the range of about
three to five times an average particle size of a pow-
der particle utilized in said additive manufacturing
process, and preferably wherein simultaneously
constructing a component and a non-contacting
thermal support for said component comprises con-
structing at least one downward facing surface of
said component and at least one upward facing sur-
face of said non-contacting thermal support, and
wherein said at least one downward facing surface
is opposite said at least one upward facing surface
across said gap (50, 150).

7. The additive manufacturing process of any preced-
ing claim, further comprising removing said compo-
nent (20, 120) from said non-contacting thermal sup-
port (50, 150) without mechanically altering said non-
contacting thermal support and without chemically
altering said non-contacting thermal support, and/or
wherein simultaneously constructing a component
and a non-contacting thermal support for said com-
ponent comprises constructing each of said compo-
nent and said non-contacting thermal support using
a direct metal laser sintering process.

8. An additive manufacturing process comprising:

dissipating heat from at least one inaccessible
downward facing surface of a component being
assembled through a corresponding upward
facing surface of a non-contacting thermal sup-
port.

9. The method of claim 8, wherein said at least one
inaccessible downward facing surface includes a fin-
ish absent heat artifacts.

10. The additive manufacturing process of claim 8 or 9,

wherein said non-contacting thermal support defines
an at least partial three dimensional negative image
of the component being assembled and wherein said
component being assembled is positioned at least
partially within said at least partial three dimensional
negative image.

11. The additive manufacturing process of claim 10, fur-
ther comprising defining a gap between said non-
contacting thermal support and at least one surface
of said component, the gap being in the range of
about three to five times an average particle size of
a powder used in the additive manufacturing proc-
ess.

12. The additive manufacturing process of claim 11,
wherein dissipating heat from at least one inacces-
sible downward facing surface of a component being
assembled through a corresponding upward facing
surface of a non-contacting thermal support com-
prises dissipating heat across said gap into said non-
contacting thermal support, and preferably further
comprising determining dimensions of said non-con-
tacting thermal support based on received dimen-
sions of said component using a controller.

13. A non-contacting thermal support (40, 140) for an
additively manufactured component (20, 120) com-
prising:

an interior surface defining an at least partial
three dimensional negative image of a compo-
nent; and
the at least partial three dimensional negative
image including at least one upwards facing sur-
face configured to provide a thermal path from
a corresponding inaccessible downward facing
surface to a heat sink.

14. The non-contacting thermal support of claim 13,
wherein the at least partial three dimension negative
image is configured to define a gap (50) between
said non-contacting thermal support (40, 140) and a
component (20, 120), and preferably wherein the
gap (50) has a width in the range of about three to
five times an average particle size of an additive
manufacturing powder particle.

15. The non-contacting thermal support of claim 13 or
14, wherein the non-contacting thermal support (40,
140) is a direct metal laser sintered thermal support,
and/or wherein said at least partial three dimensional
negative image is defined by a wall, and wherein
said wall is structurally supported by an integral
structural and thermal support (40, 140).
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